Four Metal-Organic Frameworks (MOFs) based on Indium and tetracarboxylate ligand have been synthesized through regulation of the solvent conditions, the resulted compounds not only exhibited rich structural topologies (pts, soc and unique topologies), but also interesting charge reversal framework features. By regulating the solvent, different building units (indium monomer, trimer) have been generated in situ, and they are connected with the ligand to form ionic frameworks 1-4, respectively.
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Abstract
Four Metal-Organic Frameworks (MOFs) based on Indium and tetracarboxylate ligand have been synthesized through regulation of the solvent conditions, the resulted compounds not only exhibited rich structural topologies (pts, soc and unique topologies), but also interesting charge reversal framework features. By regulating the solvent, different building units (indium monomer, trimer) have been generated in situ, and they are connected with the ligand to form ionic frameworks 1-4, respectively.
Among the synthesized four ionic frameworks, compounds 3 and 4 could keep their crystallinity upon heating temperature up to 300 o C after fully removal of solvent guest molecules, they also exhibit the charge reversal framework features (3 adopts an overall cationic framework, while 4 has an anionic framework). Both compounds 3 and 4 exhibit significant uptake capacity for CO 2 and H 2 , besides that, compounds 3 and 4 also present excellent selective adsorption of CO 2 over N 2 and CH 4 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Introduction Hydrogen storage and carbon dioxide capture have attracted lots of attention in recent years, since hydrogen is one of the most promising candidates for the replacement of current carbon-based energy source, and carbon dioxide is one of the main compounds of greenhouse gases, exploring high efficient adsorbents have been the keys. Various porous materials, [1] [2] [3] such as activated carbon, microporous organic polymers and zeolites have been extensively studied as adsorbents for these two gases, the common shortages of these traditional materials are either low capacities or difficult regeneration processes. Metal-organic frameworks (MOF),
as an emerging class of porous materials, have been known for their intriguing structural diversities of architecture [4] [5] [6] [7] and promising potential applications in large areas, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] especially in gas sorption and separation. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] In order to develop MOFs for H 2 and CO 2 sorption, people once tried to design and synthesis elongated ligands to obtain frameworks with large surface area. [30] [31] [32] However, some research results show that large surface area is not necessarily advantageous for storing gas molecules in any conditions. 33, 34 According to the reported, the adsorption properties of H 2 and CO 2 in MOFs are varied with pressures. Generally, gas capacities depend on surface areas and pore volumes of the MOFs at high pressures, while at low pressure, the capacities mainly depend on the heats of adsorption for gas molecules adsorbed in MOFs, therefore, increasing the interaction strength between gas molecules and MOFs can be helpful for adsorption properties of MOFs.
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Crystal Growth & Design   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   4 As far as we know, there have been several strategies about enhancing interactions between gas molecules and MOFs, among these, the design of active sites on MOF structure has enjoyed great success, [35] [36] [37] since at low pressure, both H 2 and CO 2 preferentially bind on the active sites that have large affinity. In addition, low-pressure gas adsorption can be also affected by catenation and interpenetration of framework. [38] [39] [40] Recently, the charge-induced force in MOFs has been found have some influence for gas molecules and frameworks. However, the reported work are mainly anionic frameworks or introducing cations into MOFs by post-synthetic. 41, 42 Little research has been done on directly design and synthesis
MOFs with charge reversal frameworks by using the same metal source and ligands, which should be contributed to the MOF structures mainly depends on the self-assemble of metal ions and organic ligands. Fortunately, solvent can also affect the conformation of frameworks.
In fact, solvent exhibits important roles for MOF synthesis, [43] [44] [45] [46] [47] [48] it not only can dissolve the reactants and promote the reaction work smoothly, but also act as template for conducting framework. Besides that, solvent has a large amount of species with different molecular polarity, which make it customary to screen a large number of solvents or solvent mixtures to find the best conditions for reactions. Since MOF is one kind of well-known crystalline material, solvent can not only greatly influence the mechanism of crystal growth but also incorporate into the crystalline lattice. If a solvent is in the pores or coordinated at the metal ion of the framework, the sorption properties would be also greatly affected not 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   5 only by the structure of the MOF but also the chemical environment of the pore surface. Here, four indium-organic frameworks have been successfully obtained by simple changing the solvent under the similar synthetic conditions. By regulating the solvent, different building units (indium monomer, trimer) have been generated in situ, and they are connected with the ligand to form ionic frameworks with pts, soc and unprecedented topologies
Experimental section
Materials and Methods.
The ligand H 4 EBDC was prepared according to the literature. 49 All the other reagents were obtained from commercial sources and used without further purification. Powder X-ray diffraction (XRD) data were collected on a Rigaku D/max-2550 diffractometer with CuKα radiation (λ = 1.5418 Å). The infrared (IR) spectra were recorded within the 4000-400 cm -1 region on a Nicolet Impact 410 FTIR spectrometer using KBr pellets. The peak intensities are described in each spectra as very strong (vs), strong . Low pressure gas sorption measurements were performed on a fully automated micropore gas analyzer Autosorb-1C (Quantachrome Instruments) at relative pressure up to 1 atm. The cryogenic temperatures were controlled using liquid nitrogen and liquid argon baths at temperatures of 77 K and 87 K, respectively. IR spectrum (KBr, cm -1 ): 3384br, 3207br, 3072w, 2934w, 2774w, 2431w, 1639s, 1578s, 1433s, 1388s, 1296s, 1273m, 1190w, 1106w, 1013m, 923w, 824m, 770s, 725s, 673w, 634m, 612br, 551w, 490m, 436m.
The as-synthesized compounds 1-4 were insoluble in water and common organic Figure S1 ).
X-ray structure determinations.
Suitable single-crystals of 1-4 were selected for single-crystal X-ray diffraction analyses. The intensity data were collected on a Bruker Smart CCD diffractometer for 1-3 and a Bruker SMART Apex 2 diffractometer for 4 by using graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å). Data processing was accomplished with the SAINT processing program and the structures were solved by direct methods, and all non-hydrogen atoms were subjected to anisotropic refinement by full-matrix least-squares on F 2 by using the SHELXTL program. The solvent molecules in compounds 1, 2 and 4 are highly disordered, and attempts to locate and refine the solvent peaks were not reasonable. SQUEEZE subroutine of the PLATON software suit was used to remove the scattering from the highly disordered guest molecules. The resulting new files were used to further refine the structures.
The guest molecular formulas of 1-4 are ascertained from elemental analysis, thermogravimetric analysis, and IR spectroscopy, the formulas are suggested to be Table 1 .
Results and discussion
Here, a solvent-controlled synthesis of crystalline MOFs has been described (Scheme ) MBBs (molecular-building-block) can be rationalized as having tetrahedral and square-planar geometry, respectively (Fig 1a) . The anionic framework square-planar node. The assembly of these two types of nodes generates a distinctive 3D framework (Fig 2a and table S1 ), which is the first report so far to the best of our (Fig 3a) . To date, only two examples of trimeric building unit based MOFs with soc topology have been reported. 50 The overall framework of compound 3 is cationic and the charge balance is provided by disordered [NO 3 ] -anions. Compound 3 exhibits an interesting pore system because it contains two well-defined types of infinite channels, namely an intersecting hydrophobic and hydrophilic channel system. The relative span of the cage is estimated to be 14.96 Å, while the channels measure approximately 7.66 Å (point-to-point and including van der Waals radii, Fig. 3b ). The simplified 4-and 6-connected nodes alternately connected to form (4. 6)-connected network (Fig.3c) , with two distinct tiles: [4 4 . 6 2 ] and [4 6 . 8 9 ] (Fig. 3d) .
Crystal Structure of 4. Under similar reaction conditions for 3, just changing the DMF solvent to DMA, led to the formation of a novel MOF with the formula Figure S3 ). 
Gas Adsorption Properties.
The total solvent-accessible volumes for 1, 2, 3, and 4 were estimated to be ~73.1%, ~72.5%, ~64.7%, and ~67.1%, respectively, by summing voxels more than 1.2 Å away from the framework using PLATON software. Though compounds 1 and 2 have large solvent-accessible volumes in theory, neither of them have any adsorption for N 2 at low temperature, which should be due to the framework collapsed after removing the solvents in the pores. In contrast to compounds 1 and 2, it is worth noting that both compounds 3 and 4 could maintain their crystallinity upon heating temperature up to 300 o C after full removal of solvent guest molecules (Fig. S2) . The
Argon adsorption/desorption studies of 3 and 4 revealed that both have reversible type I isotherms (Fig. 5 ), indicating that they are microporous. The Langmuir and BET surface area for 3 were estimated to be 1548 and 1285 m 2 /g. The calculated pore (Fig. 7) . The Qst for CO 2 was found to be higher in the entire studied range for 4 with a more pronounced difference at low loading, 35.2 kJ mol -1 vs. 29.7
kJ mol -1 for 3 (Fig. 8a ).
Since the isosteric heats of CO 2 adsorption (Qst) represents the strength of the interactions between CO 2 molecules and the framework lattice, there are two different inorganic MBBs in compound 4, which would provide more open metal sites, besides that, some Lewis basic amines also occupied in the pores, compound 4 has smaller pores but the pores are large enough for adsorption CO 2 , all these might result stronger interactions between the framework and adsorbed CO 2 , and then resulted higher Qst for compound 4 compared to 3.
And for H 2 , the isosteric heat of adsorption (Qst) of 4 was also found to be higher than 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 16 3 (7.2 vs. 6.7 kJ mol-1 at low loading) (Fig. 8b) . These observed improvements on the H 2 and CO 2 sorption energetics in the case of 4 is likely attributed to the narrow pore size and charge effect. CO 2 , N 2 and CH 4 adsorption isotherms for compounds 3 and 4 have been also measured. As shown in Fig. 9 , both compounds 3 (a) and 4 (b) exhibit a higher affinity and capacity for CO 2 than for other gases. The CO 2 uptake at 8000 mbar and 298 K for compounds 3 and 4 are 6.92 and 8.41 mmol g -1 , respectively, and very little N 2 uptake capacity (1.25 and 1.02 mmol g -1 , respectively). On the basis of CO 2 , CH 4 and N 2 adsorption isotherms measured at 298 K, initial slopes of adsorption isotherms were estimated and then used to estimate the CO 2 /CH 4 and CO 2 /N 2 selectivities (as ratios of the initial slopes) (Fig. 9) . As a result, the CO 2 /N 2 selectivity of compounds 3 and 4 are 17:1 and 21:1, respectively. The CO 2 /CH 4 selectivity are 4:1 and 6:1 respectively. To our knowledge, the CO 2 /N 2 and CO 2 /CH 4 selectivities are comparable to ZIF-68 and porous carbon monolith.
57,58
Conclusions
In summary, four indium-organic frameworks have been successfully synthesized by simple changing the solvent under the similar synthetic conditions. These materials exhibit rich structural chemistry and topologies. Both compounds 3 and 4 exhibit significant uptake capacity for CO 2 and H 2 , and compound 4 displays improved sorption energetics due to its narrow pore size and charge effect compared to 3. The ability to generate different building units (indium monomer, trimer, combination of monomer and trimer) in situ, by controlling the solvent system, presents a fruitful 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Page 17 of 34
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